Background and Objectives: Low perceived control (PC) and overestimations of controllability
Reuven-Magril and colleagues (2008) investigated the relationship between OC
symptoms and the overestimation of control. Using an illusion-of-control paradigm, participants were presented with preprogrammed visual stimuli, and were told that they could shorten the presentation time of each item by pressing the right combination of keys (i.e., that the stimuli was controllable). False positive feedback on participants' control attempts (to enhance the overestimation of control) was given through gradual decreases of stimulus presentation time; ratings of control estimations were taken at three time points during the task. Results revealed that individuals with high OC tendencies were associated with higher estimations of control, increased behavioural attempts to control, as well as a more restricted range of control behaviours. This finding suggests that predictions of controllability (PRC) are involved in increasing the urge to engage in compulsive behaviour, and allows for the speculation that overstimations of control may be involved in heightening PC following repetitive behaviour.
Manipulating PRC beliefs permits further testing of the influence of overestimations of control on OC-type behaviour, and targets the notion of predictability that is inherent in the construct of the overestimation of control.
In light of the burgeoning interest in the relationship between control beliefs and OCD, and despite a growing number of psychometric findings, there is a general paucity of experimental research examining the influence or effects of perceived control-related beliefs on OC-type behaviour. This first aim of the study was to examine the influence of manipulations of OC-specific control-related cognitions, PRC and CSE, on cleaning time and desire for control (DC) ratings. It was predicted that higher cleaning times and higher DC ratings would be observed in the high PRC/low CSE condition. The second aim of the study was to examine the influence of control-related cognitions and DC on cleaning time. It was hypothesized that manipulations of PRC and CSE would each be positively associated with cleaning time, and that these relationships would be moderated by DC. That is, DC ratings were speculated to influence the strength of the relationship between PRC/CSE manipulations and cleaning times.
Method Participants
One hundred seventy-four volunteer undergraduate students from the Department of Psychology at Concordia University in Montréal, Canada, participated in this study. Participants' mean age was 24.01 (SD = 14.32) years, and 76.6% of participants were female. Participants were compensated for their time with either course credit or entry in a draw for a cash prize.
Participants' scores on relevant self-report symptom measures (see below) are displayed in Table   1 .
Measures
Beck Anxiety Inventory (BAI; Beck & Steer, 1990 ) and Beck Depression Inventory-II (Beck, Steer, & Brown, 1996) . The BAI and BDI-II are widely used and well-validated 21-item self-report instruments for the assessment of state anxiety and depression, respectively. The BAI exhibits good internal consistency (Creamer, Foran, & Bell, 1995; Fydich, Dowdall, & Chambless, 1992) , modest test-retest reliability (Creamer et al., 1995; Fydich et al., 1992) , and excellent divergent validity in comparison with other measures of anxiety (Creamer et al., 1995; Fydich et al., 1992) . The internal consistency within the current sample was excellent (α = .90).
The BDI-II demonstrates high internal consistency and good test-retest reliability, as well as good convergent and divergent validity (Beck et al., 1996; Steer & Clark, 1997) . The internal consistency within the current sample was excellent (α = .92).
Obsessive Beliefs Questionnaire-44 (OBQ-44; OCCWG, 2005) . This 44-item scale is a revision of the OBQ-87, and is designed to assess beliefs and appraisals related to obsessional thinking. The OBQ-44 shows excellent internal consistency, and in an obsessive compulsive (OC) sample, the OBQ-44 correlated strongly with measures of checking and fears of contamination. The internal consistency within the current sample was excellent (α = .94).
Vancouver Obsessional Compulsive Inventory (VOCI; Thordarson et al., 2004) . The VOCI is a 55-item self-report instrument designed to measure obsessive compulsive symptomatology. There are six component subscales assessing various symptoms and features that have been found to be associated with OCD: checking; contamination; hoarding; indecisiveness; just right; and obsessions. The VOCI possesses good inter-item reliability in student, community, OCD, and clinical control populations, as well as high test-retest reliability in clinical (Thordarson et al., 2004) and student (Radomsky et al., 2006) populations. The scale has also been shown to have excellent convergent and divergent validity (Radomsky et al., 2006; Thordarson et al., 2004) . The internal consistency within the current sample was excellent (α = .95).
Subjective rating scale (e.g., Wolpe, 1958) . Participants were asked to provide subjective ratings at a variety of time points during the experiment using a 0-100 scale. These types of rating scales are often used in clinical research and treatment (e.g., Wolpe, 1990) Participants were asked to rate their level of desire for control (DC) with the question "How much do you desire to reduce/remove the germs from the keyboard?" As an index of CSE, participants were asked "How much do you feel you were able to control the level of germs on the keyboard?" Cleaning time. Participants were videotaoped during the two timed cleaning tasks. Two researchers who were blind to participant condition viewed the recordings independently and transcribed participants' cleaning time (in seconds) onto coding sheets . The coders were trained to record cleaning time and behaviour by coding 6 randomly selected videotapes, using guidelines created by the first author. Coders were required to obtain a minimum of 95% interrater agreement with each other on all 6 recordings before they could begin coding for the study.
Study Design
This study employed a 2 (PRC condition) x 2 (CSE condition) between-participants design, in which predicted controllability of the cleanliness of a computer keyboard and controlrelated self-efficacy regarding contamination control were experimentally manipulated. There were four randomly assigned conditions and in each, participants were exposed to one PRC manipulation and one CSE manipulation. DC ratings were collected following the CSE manipulation.The dependent variable was time spent cleaning the keyboard, which was video recorded for subsequent coding.
Procedure
Participants were informed that they were taking part in a study about hygiene, and were first asked to complete an online questionnaire package comprised of the BAI (Beck & Steer, 1990) , the BDI-II (Beck et al., 1996) , the OBQ-44 (OCCWG, 2005) , and the VOCI (Thordarson et al., 2004) . To manipulate PRC, partcipants were asked to read condition-specific (i.e., modified) versions of a newspaper article containing information on hygiene in the workplace ("Lifting the Lid on Computer Filth", 2004) . The high PRC group read that "…individuals can expect to be able to control germs up to 97.5%..." and the low PRC group read "…up to 33.3%..." (emphasis added). Participants were then give a three question multiple choice quiz within which was a question that asked by what percentage the spread of contamination can be reduced. The four reponse options were: "it cannot be reduced", 33.3%, 97.5%, and 100%.
Participants were then trained to "properly" clean a computer keyboard and subsequently asked to clean the keyboard according to the training protocol (Cleaning Time 1). As the CSE manipulation, participants were presented with one of two false data outputs regarding the status of keyboard contamination. In the high CSE condition, participants received feedback that they had successfully removed most of the contamination, while in the low CSE condition, participants received feedback that they not successfully removed most of the contamination.
Participants were asked to provide subjective CSE ratings following the feedback as a manipulation check.
Participants were told that there would be a few additional questionnaires to complete on the computer, and the experimenter removed the cleaned and assessed keyboard and replaced it with a second one that was visibly dirty. The experimenter left the room and indicated that if the participant so desired s/he could clean the keyboard before finishing the last few online measures (Cleaning Time 2). When the experimenter returned after one minute, and if the participant indicated that they wished to continue cleaning, they were left to do so. Once the participants indicated that they had finished cleaning, participants were debriefed as to the objectives of the study and informed of the deception involved in the study. They were asked to provide consent to the use of their data given the deception used in the study.
Results

Participant Characteristics
Participants in the four conditions did not differ with respect to age, F(3, 170) = 1.13, p = .34, partial η 2 = .003 nor did they differ in terms of their mean total scores on the VOCI, OBQ-44, 
Missing Data
The data from 12 participants were removed due to technical difficulties regarding their video recordings. Analyses were conducted on the data from the remaining 174 participants.
Manipulation checks
To first determine if the experimental manipulations of PRC and CSE were successful, ttests were employed using the manipulation check ratings. The PRC manipulation check revealed no significant differences between the two PRC groups in terms of correct responses to the manipulation check question, t(173) = -1.02, p = .31, d = .1, as all but 1 participant (assigned to the low PRC condition) provided the correct answer relevant to their condition assignment.
As predicted, participants in the low CSE condition rated their ability to control the germs on the keyboard as significantly poorer than participants in the high CSE condition, t(173) = 11.22, p < 
Coder reliability
In order to assess the coder reliability of cleaning time, cleaning time (in seconds) was compared between coders for 24% of the sample. Inter-rater agreement was excellent for cleaning time (99%) in the comparison sample.
Main analyses
For the hypothesis regarding cleaning time, two univariate ANOVAs were conducted on the data. For both ANOVAs, PRC and CSE were the between-participants factors. For the first ANOVA, cleaning time (in seconds) post-cleaning training (Time 1) was the dependent variable.
For the second ANOVA, the optional final cleaning time (Time 2) was the dependent variable. To test the hypothesis that PRC, CSE, DC ratings and their interactions would each uniquely predict time spent cleaning the keyboard at Cleaning Time 2, a hierarchical regression analysis was conducted. DC ratings and cleaning time data was centered prior to the analysis.
PRC and CSE condition assignment were dummy coded and entered in the first step, and their product entered in the second step. In the third step, DC was entered, followed by the products of PRC and DC and CSE and DC in the fourth step. In the fifth and final step, the product of PRC, CSE and DC was entered. Time 2 cleaning time (in seconds) was the criterion variable. When entered in the first step, PRC and CSE combined did not account for any significant variability.
When examined separately however PRC and CSE conditions were differentially related to time spent cleaning such that PRC was a significant predictor, β = 49.58, p =.05, whereas CSE was not a significant predictor, β = .123, p = .99 When entered in the second step, the interaction term did not account for any additional variability. In the third step, DC accounted for an Table 2 .
In order to understand the nature of the two interactions in the fourth step of the hierarchical regression (PRC and DC, CSE and DC), correlations were conducted between DC ratings and Time 2 cleaning times in the high and low PRC and CSE groups. In the low PRC group, ratings of DC were not related to time spent cleaning, r = .05, p = .67, whereas in the high PRC group, DC ratings were significantly related to cleaning times, r = .40, p < .001. In the low CSE group, ratings of DC were significantly related to time spent cleaning, r = .44, p < .001, whereas no such relationship was found in the high CSE group, r = .04, p = .72.
Intercorrelations, means and standard deviations of time spent cleaning (in seconds) in the high and low conditions of PRC and CSE as a function of DC rating are presented in Table 3 .
Discussion
This study aimed to investigate the influence of control-related cogntions on the persistence of cleaning behaviour. It was predicted that manipulating predicted controllability and control-related self-efficacy beliefs would influence time spent cleaning and desire for control ratings, such that high predicted controllability and low control-related self-efficacy would result in longer cleaning times and higher desire for control ratings. It was also hypothesized that the relationship of both control-related cogntions with desire for control ratings would predict longer cleaning times. As expected, the findings revealed that predicted controllability was directly related to time spent cleaning in that high predictions of controllability over a contamination threat led to longer cleaning times than low predicted controllability. While the CSE manipulation did not influence cleaning times, control-related self-efficacy manipulations were directly related to differences in desire for control ratings. That is, while DC ratings just prior to the final cleaning task were significantly higher in the low CSE group in comparison to the high group, there were no significant differences in DC ratings in either the PRC condition alone, nor was there a significant interaction between PRC and CSE. That low control-related self-esteem had an influence on desire for control ratings but not on cleaning times serves to broaden the basis of support for two important considerations in studying control in general, as well as in relation to OCD. First, this result highlights the specific influence of control-related self-efficacy appraisals on levels of DC, and thus provides further evidence on the necessity of considering PC and DC together in investigations of control-related cognitions. Second, that CSE had an effect on DC ratings but not on cleaning times suggests that control-related self-efficacy is a necessary, but not sufficient component of PC as it exists within the "control mismatch" in OCD. This finding thus supports the conceptualization of low PC in OCD as a composite variable (e.g., Moulding & Kryios, 2006; Skinner, 1996) , and underscores the importance of unpacking the layers of control beliefs to determine the specific nature of faulty underlying control beliefs in OCD.
Results of the regression analysis extend the findings of previous research on controlrelated beliefs and OCD in that they provide evidence that both components of PC are related to cleaning time through the influence of DC. These results support the notion that control-related beliefs in OC-behaviour are multifaceted in composition in that both overestimations of controllability and low control-related self-efficacy predicted longer extended cleaning behaviour in the presence of high DC. These findings also demonstrate evidence of a control mismatch in the prediction of cleaning time, in that low levels of control-related self-efficacy were related to longer cleaning when moderated by DC. While underlying inflated beliefs of controllability may lead to extended cleaning behaviour, the presence of high DC may increase the persistence of such behaviour. In fact, motives such as a high desire for control have been found to affect judgements of control such that desire for an outcome may result in overestimating the chances of influencing an outcome (Thompson et al., 2004) . DC was the only variable that, on its own, accounted for a significant proportion of the variance in the prediction of time spent cleaning. DC may well be the critical ingredient in the functioning of control mismatch in OCD. That both components of PC were stronger predictors of time spent cleaning when considered concurrently with DC speaks to the importance of assessing DC in OCD.
As proposed in cogntive theories of OCD (e.g., Rachman, 1998; Salkovskis, 1999) , the misappraisal of intrusive thoughts as personally significant and anxiety provoking due to underlying faulty beliefs is thought to lead to compulsive behaviour. Although three belief domains have been identified by researchers as specifically relevant to OCD (OCCWG, 2005) , these beliefs do not fully account for all negative interpretations of intrusions nor maladptive behavioural responses (i.e., compulsions). Newer cognitive approaches have proposed that incorporating beliefs about the self and the world would enhance our understanding of the phenomenology of OCD, and more specifically that discrepant world-and self-controllability beliefs are involved in the development of OCD (Doron, Kyrios, & Moulding, 2007a; Doron, Kyrios, Moulding, Nedeljkovic, & Bhar, 2007b) . The results of the present study provide preliminary evidence of the importance of including self-and world-concepts into cognitive theories of OCD in that both high predictions of controllability (i.e., world-controllability) and low control-related self-esteem (i.e., self-controllability) beliefs appeared to be involved in changing levels of PC over time.
Limitations
Importantly, the findings need to be interpreted in the context of a number of limitations.
First, while OC-symptomatology and beliefs have commonly been found to be present in the general population (Gibbs, 1996; Muris, Harald, & Clavan, 1997; Rachman & de Silva, 1978) , and although analogue research is common in examinations of OCD, it is possible that the current findings are an example of the differences between a clinical and non-clinical sample rather than indicative of the dimensional nature of OC-phenomenology. However, cleaning behaviour was chosen as the main outcome variable because it is a normative behaviour and thus amenable to analogue research. Second, both over-prediction of fear (Rachman, 1994) and overestimations of controllability (Reuven-Magril et al., 2008) appear to be characteristic of individuals with OCD. In the present study, it is not possible to determine whether it was the predictability or the controllability of the hygiene information that was responsible for the observed changes in behaviour in the present study. This suggests that teasing apart the individual and interaction effects of predictability versus controllability is a methodological necessity in the overall investigation of perceived control beliefs that needs to be addressed in future research. Lastly, during data collection for this study, there was widespread global concern regarding an H1N1 (Influenza A) virus pandemic. It is possible that ceiling effects due to this crisis were responsible for the present findings, as observing cleaning behaviour in the presence of a genuine contamination threat may limit the generalizability of these results.
Directions for future research
Although control cognitions have been found to be most strongly related to fears of 
Summary
Low perceived control has long been associated in the research literature with various forms of anxiety, and yet has been nearly absent in cognitive theories of OCD. The current study was an investigation of manipulations of two components of perceived control and their influence on OC-type cleaning behaviour; we believe that this was among one of the first studies to examine components of PC in an experimental manner. The results of the present study echo previous research on control-related beliefs and OCD (e.g., Moulding & Kyrios, 2007) in that it will be important to consider not only the concurrent relationship of both PC and DC, but also the underlying components of PC shown to be relevant to OCD. Taken together, it appears that both components of PC under investigation are likely involved in OC behaviour, and it will thus be beneficial to consider PC in OC behaviour as a multidimensional variable. These findings also allow for a broader understanding of the 'control mismatch' in OCD, and that the role of DC should be considered in a comprehensive understanding of the function of control-related beliefs in OCD. Note. PRC = Predicted controllability condition; CSE = Control-related self-efficacy condition; DC = Desire for control ratings (0-100).
*p < .05, **p < .001. Note. PRC = Predicted controllability condition; CSE = Control-related self-efficacy condition; DC = Desire for control ratings (0-100).
*p < .05, **p < .001. 
